One century ago, the landmark fire at the Triangle Shirtwaist Factory in New York City claimed the lives of 146 garment workers and helped spur the adoption of fire safety measures and laws targeting dangerous working conditions. Since that time, continuing advances have been made to address the threat of fire-in workplace fire safety practices and regulations, in training and safety requirements for firefighters and first responders, and in hazard communication laws that enhance disaster planning and response. Recent high profile events, including the West, Texas fertilizer plant explosion, derailments of fuel cargo trains, and garment factory fires in Bangladesh, have brought renewed attention to fire as a workplace health and safety issue and to the unevenness of safety standards and regulatory enforcement, in the United States as well as internationally. In this article, we provide an overview of fire as a workplace health and safety hazard and an introduction to the essays included in this special issue of New Solutions on fire and work.
ancestors when it occurred naturally and/or spontaneously, but they eventually learned to have some control over the process, using fire to light the night, cook food and serve in other ways to enhance human existence. Fire frightened off hostile animals and cleared fields, for instance. In every human culture, fire played an important-perhaps central-role.
Understanding fire as a technology-not just a hazard-helps us to grasp the way in which technology and humans co-evolved, each changing and shaping the other in history. Perhaps most important for our understanding of work and environment, the capture of fire/combustion as a human technology was an essential feature of industrial development. As a tool of production and of profit-making in the hands of entrepreneurs, fire was also unleashed as a hazard for workers and communities in new and dangerous ways. The unintended consequences of combustion are everywhere in industrial society-and no imagining of "inherently safe" technology can deny that reality.
There can be little doubt that the intentional application of fire as a technology made many of the achievements of the industrial age possible. Fire had an evident utility in manufacturing applications, generating the heat needed to create steam to power steam engines, or to heat iron to a melting point in order to produce steel in industrial furnaces. However, the threat posed by unintentional fire in the workplace also grew tremendously with the modernizing developments of the late 19th and early 20th centuries, as greater numbers of workers became concentrated in larger and more complex facilities than was previously possible. In this, there were social as well as technical factors at work.
On the technical side, to take just one example, electric power-whose application made large-scale production possible [1] -had the impact of effectively introducing throughout the factory work environment a potential source of ignition for numerous combustible materials. That is, not only did electrification insert a novel and ubiquitous hazard for workers into the work environment, but the factory system that it made possible brought greater numbers of people together under a single roof, exposing more people to the hazard. Nevertheless, the technical potential of electricity alone did not determine the likelihood that it or some other ignition source would find its way to a flammable or combustible fuel, or influence the progress of a fire once it ignited, or affect the ability of factory occupants in the event of a fire to make their way to safety through spaces crowded with machinery and people. Social factors played a crucial role in determining the dangerousness of working conditions, and it was no coincidence that the factory system nurtured by electrification also afforded owners and managers far greater control over production than was possible in the small shop environment.
The advantages of the nascent factory system for maximizing output were further facilitated by a general absence of health and safety requirements that might have disciplined the organization of production in ways that protected workers. However, with little challenge to managerial prerogative in the workplace, the health and safety of workers was secondary to production, and working conditions were dismal. At the dawn of the 20th century, the regularity of gruesome workplace injuries (and, to a lesser extent, illnesses) and harsh working conditions figured prominently in workplace reform efforts during the Progressive Era [2] . By 1897, 14 states had adopted some form of factory health and safety law, establishing requirements in such areas as machine guarding, protection on elevators, and the provision of adequate fire safety exits [2] . However, while recognition of workplace hazards represented an advance of sorts, the various state laws had a limited ability in practice to promote change within factory walls, collectively suffering from vagueness, limited scope, inadequate inspection systems, and a preference for cooperative approaches to enforcement.
In 1911, a fire at the Triangle Shirtwaist Company in New York City thrust the inadequacy of workplace safety protections and dire state of factory working conditions into bold relief [3, 4] . The Triangle factory was a shirtwaist manufacturer known for its advanced technology and, at least to garment workers, its sweatshop conditions, including overcrowding, production pressures, and poor safety practices. The factory was located in the top three stories of the 10-story Asch Building in the city's garment district near Washington Square. Late in the afternoon on March 25, a fire broke out and quickly spread throughout the factory, fed by clothing scraps and other materials. Workers on the eighth and tenth floors managed to escape the building, but doors at the ninth floor stairway exits were illegally locked shut, and fire department ladders reached only to the sixth floor [5] . With no way to escape, many of the workers jumped to their deaths from the factory windows, while others perished inside the building. The fire took the lives of 146 workers, primarily immigrant women of Italian and Jewish descent, many of whom were still in their teens.
The Triangle tragedy played out in front of countless horrified witnesses on the streets below, one of whom was Frances Perkins, later to become the nation's first Secretary of Labor under President Franklin D. Roosevelt. The fire, and the egregious conditions that it helped to expose, spurred calls for action within and outside government. Active efforts to improve working conditions and provide workers with a strong voice in the workplace were already underway in the northern industrial states at the time of the Triangle fire, led by trade unionists and Progressive Era reformers like John Commons and Alice Hamilton [6] . Just two years before the fire, the International Ladies Garment Workers' Union (ILGWU) had led a mass strike by 20,000 garment workers that paralyzed the New York garment district for six months, with working conditions serving as a critical grievance for strikers [7] . Now, the blunt destructive power of fire effectively served to bring the injustices taking place behind factory walls into the open.
In the immediate aftermath of the fire, the ILGWU staged a rally to protest unsafe working conditions and, in addition to undertaking relief work, used the deplorable conditions revealed by the fire to build support for workplace reforms. It was joined in these efforts by the National Women's Trade Union League (NWTUL), a prominent champion for working women, which wasted no time in undertaking a survey of factory workers in order to document working conditions in the city's factories, and then used this material to help mobilize a Citizens' Committee for Public Safety and build broader support for public action [8] . At a mass meeting attended by thousands of citizens, a resolution was adopted calling for the state legislature to form a Bureau of Fire Prevention and appoint a permanent citizens' committee to pursue legislation that would protect workers [4, 8] .
The organizing activities proved effective. In June, three months after the fire, New York Governor John Dix signed legislation that established the New York Factory Investigating Commission [8] . Fire safety was a critical focus of the commission's work, but its mandate extended to other workplace issues, and the scope of its work was statewide. The commission held public hearings throughout the state and sent investigators to workplaces representing a variety of industries. Initially authorized for one year, the commission's tenure was extended an additional two years. By the conclusion of its work, it had held 59 public hearings, taken testimony from 472 witnesses, and conducted 3,385 workplace investigations [5] . Based on its findings, the commission drafted a number of bills to improve working conditions, 20 of which were passed into law [5] . These measures included not only new requirements around fire safety, but also requirements for machine guarding, sanitation, ventilation, and other workplace health and safety concerns [5, 8] .
The fire and the efforts of reformers also stimulated action at the local level. In October of 1911, the New York City Board of Alderman authorized the creation of a Bureau of Fire Prevention, in order to establish clear authority in local government over inspections, code setting, and regulatory enforcement [3, 8] . Over the next few years, this new body revised the Municipal Building Code and set out employer responsibilities for fire protection, including requirements regarding fire alarms, fire extinguishers, hoses, stairwells and exits, and fireproof materials [4, 8] .
In addition, the Triangle fire provoked important developments outside government among nongovernmental organizations around workplace safety and fire protection. The multiple hazards and safety violations in the Triangle factory provided the impetus for the founding of the American Society of Safety Engineers just months after the fire, in October 1911 [9] . In addition, the fire prompted the nonprofit National Fire Protection Association, a leading code development organization, to develop NFPA 101, Life Safety Code, which concentrated in its initial version on the need for fire drills, the proper configuration of exits, and the hazards of stairways and fire escapes [4] . Drawing on the Triangle tragedy, this was a new focus of code development, reflecting a shift from fire itself to a prioritization of the safety of building occupants.
In practical terms, the significance of the Triangle fire for workplace safety and health was not simply the safety measures it shepherded into place within the factory environment. Just as important was its influence in helping to legitimize a more active role for government in setting rules for private establishments. Workplaces continued to hold a privileged status within the economy, of course, and ownership still enjoyed its customary discretionary powers, but the flurry of workplace safety activities in the post-Triangle social environment reflected an understanding that public values deserved to be represented within the workplace arena. This was nothing that progressive reformers and labor unions had not been advocating for some time, but the appropriateness-indeed, the very necessity-of regulatory interventions was now much more clear.
This is not to say that the advocacy of fire protection and workplace safety reforms did not encounter resistance. Even in the wake of the Triangle fire, business interests and opponents who decried challenges to management autonomy defeated many of the bills proposed by the Factory Investigating Committee [5] , and it was another 49 years before passage of the Occupational Safety and Health Act codified workplace health and safety into law at the federal level. Still, a number of advances now considered routine have been made in workplace health and safety and also in fire protection-standards around sprinkler systems, materials storage, electrical safety, evacuation planning, process safety, emergency exits, and others [10] . Significant gains have also been made in the health and safety standards that apply to firefighters, including requirements around personal protective equipment, staffing, training, incident command, and fireground operations [11] .
Statistics bear out the positive impact of safety efforts. Although there are no databases that specifically target workplace fires and injuries, data are available beginning in 1977 on the incidence of fires and their associated losses in the United States, and they provide a good indication that fire prevention initiatives have been enormously successful. Between 1977 and 2012, for instance, the number of estimated fires in the United States fell from 3,264,000 to 1,375,000, a decrease of 58 percent [12] . Over the same period, the number of civilian fire deaths fell by 61 percent, from an estimated 7,395 deaths in 1977 to 2,855 deaths in 2012 [12] . Home fires, which are responsible for the greatest share of deaths, injuries, and property damage, fell from 723,500 fires in 1977 to 365,000 fires in 2012, a 50 percent decline. In nonresidential structure fires-the majority of which are likely to be work environments for some people-the improvements in fire safety were even more impressive, with a 71 percent decrease from 1977 (348,000 fires) to 2012 (99,500 fires) [12] . Civilian deaths in these fires fell by 82 percent from 1977 to 2012-from 370 deaths to 65 deaths, while injuries fell by nearly 60 percent, from 3,710 in 1977 to 1,525 in 2012 [12] .
There have also been significant reductions over the past 35 years in the number of on-duty deaths of firefighters, which have fallen from an average of 146 deaths per year in the period 1977 through 1981 to an average of 75 deaths a year in the period 2008 through 2013, although it should be noted that the 97 on-duty fatalities recorded in 2013 represented the highest number recorded since 2008 [13] . The decline in on-duty fatalities is a promising indication that the promulgation of health and safety standards for firefighters has been rewarded. At the same time, however, there are signs that firefighter safety and health have not improved as dramatically as the drop in on-duty deaths would seem to suggest. Recent research examining the death rate of firefighters per 100,000 structure fires between 1977 and 2009 found encouraging decreases in the rates for sudden cardiac deaths at structure fires and non-sudden cardiac deaths outside structures, but noted an increase in the rate of nocardia firefighter deaths inside structures, from 1.8 deaths per 100,000 structure fires in the late 1970s to greater than three deaths per 100,000 structures in recent years [14] . The vast majority of these deaths were due to smoke inhalation or asphyxiation [14] .
There are also new concerns in the area of occupational illness, always an issue for firefighters. Recently, a National Institute for Occupational Safety and Health (NIOSH) study of 30,000 firefighters from three major cities found higher rates in the study population in cancers of the respiratory, digestive, and urinary systems [15] . The firefighter study group also had a mesothelioma rate that was twice the rate in the U.S. population as a whole [15] . U.S. firefighters had not previously been found to be at excess risk for mesothelioma, and the researchers attributed the finding to asbestos exposure [15] .
In addition, there have been some startling reminders in recent years that fire remains a critical health and safety issue in workplaces, to say nothing of community members who are oftentimes exposed to the effects of industrial fires. As before, social as well as technical factors are playing a powerful role in this regard. Consider the 2013 explosion at the West Fertilizer plant in Texas, which killed 15 people, injured more than 200 others, and damaged or destroyed 150 buildings [16] . The plant, which had 270 tons of ammonium nitrate stored on-site, was host to a number of substandard safety conditions, with the lack of a sprinkler system and storage of chemicals in wooden bins only the most obvious [16] . Incredibly, these unsafe workplace conditions were facilitated by a state policy environment that not only resists adoption of a state fire code, but prohibits governments of counties with fewer than 250,000 residents from enacting their own fire codes, an antagonism to regulatory constraints on business that some might assume were settled long ago [16] .
Or consider the deaths of seven workers in a fire and explosion at the Tesoro oil refinery in Anacortes, Washington, in April of 2010, which the U.S. Chemical Safety Board (CSB) attributed to the use of severely degraded equipment, weak industry standards, a poor safety culture, and insufficient regulatory oversight [17] . That same month, a fire and explosion on the Deepwater Horizon oil rig killed 11 workers, injured another 17, and spilled millions of barrels of oil into the Gulf of Mexico [18] . The findings of a federal investigation found that British Petroleum and two contractors did not practice proper well control procedures or properly maintain equipment and work areas in a safe condition [18] .
In short, fire is not a bygone workplace hazard that was resolved in the aftermath of the Triangle fire, or the creation of OSHA, or advances in fire protection technologies and practices. Older fire safety problems stubbornly endure, while new ones emerge, propelled by changes in the economy, the continuous entry of chemicals into commercial use, ongoing efforts at deregulation, a tremendous boom in oil and gas exploration, and multiple other factors. Yet, despite all this, fire has generally not received substantial interest within the workplace health and safety domain. It is hard not to suspect that this deficit stems at least in part from differences between the public health and public safety disciplines, which represent distinct traditions, draw from divergent memberships, and oftentimes have dissimilar political impulses. Efforts to resolve the contemporary challenges of workplace fire protection would nonetheless benefit enormously from active advocacy by both communities, and underscoring the significance of fire as a workplace health and safety issue can potentially strengthen joint efforts by fire protection and public health proponents, while encouraging workplace advocates to think about prevention efforts in new ways.
The contributions to this special New Solutions volume on fire as a workplace health and safety issue direct our attention to a variety of concerns around fire, some familiar and others quite novel. They serve to provoke our thinking, occasionally make us catch our breath, and offer insights about ways to move forward.
Three of the essays-two focusing on Bangladesh and one on South Koreaprovide a look at workplace fire in an international context. The Bangladesh situation has drawn considerable attention over the past several years following a number of devastating fires and other workplace disasters that have exposed abysmal working conditions in the garment industry-production arrangements that have been effectively tolerated as viable means for achieving competitive advantage. In a Comment and Controversy piece that he submitted shortly after his return from a fact-finding trip to Bangladesh, Garrett Brown highlights some of the challenges and opportunities presented by the 2013 Accord on Fire and Building Safety. Brown acknowledges controversies surrounding the Accord, but argues that its provisions offer a genuine opportunity to save lives and prevent injuries in an environment where workers have enjoyed precious few protections.
Björn Claeson from the International Labor Rights Forum also reviews the Accord on Fire and Building Safety. His essay favorably contrasts the enforceable commitments to workers' health and safety made by the Accord's signee companies to the voluntary agreements generally favored by the business community, which have historically offered little transparency or worker involvement in ensuring that vital health and safety changes are introduced in the factory environment. Both Brown and Claeson acknowledge critical challenges as the implementation of safety measures moves forward in Bangladesh, and they underscore the critical role of international actors in providing technical assistance and training around fire and workplace safety, as well as helping to deter retaliation against workplace health and safety advocates.
In a Comment and Controversy piece, Ji Eun Park and Myoung-hee Kim examine two large industrial fires in South Korea in order to highlight failures of the workplace health and safety system to ensure industry compliance with its regulatory safeguards. The authors argue that blatant violations of basic safety precautions represent not just a management failure, but are the product of a lax policy environment which insufficiently encourages safety, either through punitive legal sanctions against violators or by ensuring that there are no economic rewards for ignoring health and safety protections.
Two feature articles in this issue highlight emerging concerns in relation to worker health and safety. One of these, by Catherine Galligan and co-authors from the Safe Homecare Project at the University of Massachusetts-Lowell, focuses on the exposure of home health workers to fire hazards while caring for patients who smoke and use medical oxygen in the residential setting. As the authors point out, the home care aides who are most often exposed to the hazard are increasingly immigrant, female, minority, and older workers, and the home environment is not one with which traditional workplace health and safety policy has had to contend. The significance of the home care example is accordingly not just the hazard of fire in particular, but also the broader policy challenge of safeguarding the health and safety of vulnerable workers in a multiplicity of new arrangements involving the organization of work.
In a second feature, Alissa Cordner and co-authors examine how the emergence of flame retardants as a health and safety concern among some firefighters is contributing to joint efforts by firefighter organizations and environmental health groups to restrict the use of certain flame retardants in some consumer products. In light of the notoriously cumbersome nature of policy debates when there are uncertainties around exposure and disease, the collaboration between firefighters, with their strong record of public service, and environmental health advocates, who are not infrequently typecast as impractical and speculative, may, as it plays out, provide important lessons for future health and safety campaigns.
Another critical fire safety issue that has received comparatively little attention to date is the impact of climate change on the health and safety of wildland firefighters. In a Voices essay, sociologist Patrick Withen draws upon his background as a long-time smokejumper to highlight some of the ways that climate change is further exacerbating the dangerousness of this already hazardous occupation. Coming as they do from personal experience, Withen's observations-including his references to increases in the intensity and duration of fire seasons and the heat threat faced by firefighters-are particularly compelling and represent a welcome contribution to discussions about climate change and wildland firefighting alike.
Residential sprinklers-frequently opposed by residential contractors as an unwarranted economic burden-are currently being promoted in many municipalities as a building code requirement for new construction due to their demonstrated capacity to save lives and property. In a Comment and Controversy piece, Keshia Pollack, Shannon Frattaroli, and Scott Somers take an additional step and make the case for residential sprinklers as an intervention that can protect the health and safety of firefighters, not just home owners. The attention that the authors bring to sprinkler systems as a firefighter health and safety intervention may add additional leverage to policy arguments favoring sprinkler mandates.
Injury surveillance systems play a critical role in informing injury prevention efforts, and they characteristically do so by collecting information on events that have already resulted in injury or illness. In a feature article, Jennifer Taylor and Alicia Lacovara describe a data collection and reporting system for firefighters and emergency response workers that seeks to capture critical characteristics of "near-miss" events-events that had disaster potential, but were resolved without adverse outcomes. The hope behind near-miss reporting systems is that they will help distinguish those factors in a complex chain of events that helped to prevent injury from occurring, and the multiple hazards entailed in firefighting makes such learning opportunities particularly important.
In an interview with an oil and gas worker formerly active in the Marcellus Shale fields in Pennsylvania, an epicenter for fractured drilling operations, Michelle Bamberger and Robert Oswald shed light on working conditions in the oil and gas industry within the context of constant speed-up and productivity pressures. Although the interview does not directly address fire as a workplace health and safety issue, it was seen to merit inclusion in this special issue in its concern with fuel, a critical component of fire as a chemical phenomenon. As it happens, however, a more direct connection between fracking and workplace fire was established not long after the interview (which was conducted in 2013), when a fire broke out at a Chevron natural gas well in Dunkard Township, Pennsylvania in February 2014, claiming the life of one worker and injuring another, while burning for four days. In addition, NIOSH in an August 21, 2014 blog post released findings from preliminary field research of worker exposures to specific chemicals during fracking, which included an indication of elevated risk for fires during flowback operations based on measurements from direct reading instruments.
We are also fortunate to reprint remarks made in June 2014 by NIOSH director John Howard to the American Society of Safety Engineers, in an address that dovetails with some of the core themes in this special issue. In his address, Howard advanced the concept of "safety sustainability" to address the types of systemic workplace health and safety shortcomings invoked by the Bangladesh garment industry disasters (and replicated elsewhere), and to identify practical solutions to what is, after all, a serious global problem. Howard proposes that the pressures for greater corporate transparency that have previously surfaced in response to environmental, human rights, and other areas of vital concern be extended to corporate reporting on workplace health and safety practices. The goal of such reporting would be to elevate workplace health and safety to become a vital measure of business performance. As Howard notes, workplace health and safety has generally not been represented as a performance consideration in sustainability initiatives-a deficit that also applies to fire protection-and argues that more explicit attention to workers' health and safety is needed to make advances in this area.
We are grateful to the contributors to this special issue for underscoring, in various ways, the enduring challenge of fire as a health and safety threat to workers. It is our hope that this volume can help stimulate partnerships between the public health and fire protection communities and identify ways in which public health networks can contribute to progress in eliminating the hazards of fire to workers and community members.
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